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Abstract 
In this work the influence of the film thickness and titanium as an adhesion promoter on the gauge factor of Platinum thin films 
used as strain gauges is investigated for different temperatures. Therefore strain gauges with varying bi-layer thickness (Ti/Pt: 
50/1000 nm and 20/100 nm) are fabricated and evaluated at a custom-built gauge factor measuring setup. Up to 250°C no 
substantial difference for the two bi-layers can be found. Latest at 300°C the diffusion of titanium starts to heavily influence 
predominantly the 20/100 nm Ti/Pt bi-layer system. Moreover a different temperature dependent behavior of the gauge factor 
under tensile and compressive load is demonstrated. 
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1. Introduction 
High temperature stable pressure sensors using platinum (Pt) strain gauges are nowadays in the focus 
for applications in harsh environments (i.e. combustion engine, gas turbines) to further increase their 
efficiency [1, 2]. To reliably implement Pt strain gauges in MEMS for harsh environments a detailed 
investigation of the electro-mechanical properties of Pt thin films is needed. Therefore the temperature 
dependence of the gauge factor of pure Pt thin films has already been investigated [3, 4]. 
To further improve the knowledge about the electro-mechanical properties of Pt thin films a detailed 
investigation of the influence of the film thickness at different temperatures up to 350°C is performed. As 
for platinum an adhesion promoter such as titanium is usually needed, its influence on the gauge factor 
and on the temperature stability is in the focus of this study.  
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2. Experimental Details 
The investigated Ti/Pt thin films are deposited with a DC magnetron-sputtering machine by “Von 
Ardenne” (LS 730) and patterned with a standard lift-off process using spray coated lift-off resist 
(AZ5214E). To prevent a temperature-induced degradation of the lift-off resist via the sputtering process 
the Pt thin films are sputtered at low plasma power (i.e. 75 W) and in several steps with short breaks in 
between. The titanium layers being either 20 or 50 nm thin are sputtered with 500 W plasma power prior 
to the deposition of the platinum films for enhanced adhesion to the substrate. The ceramic beams, which 
are precision-machined with a laser, are made out of a 500 μm thick, thin film compatible Al2O3 ceramic 
Rubalit 710 manufactured from CeramTeC AG. After fabrication the Ti/Pt bi-layers on the ceramic 
beams shown in Fig. 1. (a) and (b) are pre-annealed at 450°C under vacuum conditions. 
 
        
Fig. 1. (a) Rubalit 710 beam with Pt/Ti strain gauge and contacts; (b) 20/100 nm Ti/Pt strain gauge. 
To investigate the gauge factor of the different metallization systems the custom-built measuring 
equipment illustrated in Fig. 2. (a) and (b) is used. Therefore the ceramic beam with the Ti/Pt strain gauge 
is one-sided clamped into the measuring setup. Next the sample is heated up with NIR halogen heaters to 
a specific temperature. The beam is deflected via a quartz rod driven by a micro-translation stage, which 
is also able to log its z-displacement. To prevent overload an s-type load cell is additionally installed. 
After deflecting the beam the resistance of the strain gauge is measured using a four point configuration 
to minimize any parasitic impact from e.g. contact resistance. This procedure is repeated for several 
deflection steps at each temperature level.  
 
     
Fig. 2. (a) Schematic cross-section of the gauge factor measuring equipment [4]; (b) Measurement set-up used for the temperature dependent 
gauge factor determination. 
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The strain applied to the strain gauge can be calculated via the applied z-displacement using FEM 
simulations assuming a temperature-independent Young`s modulus of the ceramics. After measuring the 
resistance and determining the applied strain for each deflection step the gauge factor is calculated 
according to 
 
x
d R dzk
dz dε
Δ
= ⋅  , (1) 
where ǻR denotes the change in resistance, İx the mechanical strain and z the displacement. 
Each beam was measured under tensile and compressive load and while increasing and decreasing the 
deflection of the beam. The temperature was raised in 50°C steps starting with 100°C as the stability in 
temperature is low below this threshold value. 
3. Results and Discussion 
As illustrated in Fig. 3. (a) the 50/1000 nm Ti/Pt bi-layer shows a slightly higher gauge factor and a 
lower temperature dependence under tensile load than under compressive load. Compared to [4], where 
pure Pt without Ti is investigated, the measured gauge factors are slightly lower but show a similar 
temperature behavior. 
 
 
Fig. 3. (a) Gauge factor of 50/1000 nm thin Ti/Pt thin films up to 350°C; (b) Gauge factor of 50/1000 nm and 20/100 nm thin Pt/Ti thin films 
under compressive stress. 
As shown in Fig. 3. (b) up to 250°C the gauge factors of the 20/100 nm Ti/Pt metallization system are 
lower than those of the 50/1000 nm Ti/Pt strain gauge and show a slightly weaker temperature 
dependency. In Fig. 3 (b) only the results gained under compressive load are shown for the purpose of 
clarity. 
For temperatures above 250°C however no reliable gauge factor measurement for the 20/100 nm Ti/Pt 
system is possible as the measured gauge factor of the strain gauge starts drifting. While investigating the 
temperature stability of the metallization systems a substantial increase of the measured film resistance 
can be observed starting at 300°C (see Fig. 4) for the thinner strain gauges. In contrast the 50/1000 nm 
Ti/Pt system is stable up to 350°C. The increase in resistance of the thinner bi-layer system can be 
attributed to the onset of the titanium diffusion into the Pt layer reported in [5] starting at around 300°C, 
being more dominant at the metallization system with the lower Pt thickness. 
 
175 P. Schmid et al. /  Procedia Engineering  87 ( 2014 )  172 – 175 
 
Fig. 4. Temperature dependent change in the electrical resistance of 20/100 nm Ti/Pt films without deflecting the beam applying a typical heating 
profile. 
4. Conclusion 
In this work the influence of the film thickness of Ti/Pt strain gauges on the gauge factor and their 
temperature stability was investigated. Strain gauges realized with Ti/Pt bi-layer thicknesses of either 
20/100 or 50/1000 nm were evaluated and it was demonstrated that up to 250°C they have similar 
behavior. Depending on the applied strain the gauge factor was slightly different and there was a 
significant difference in temperature dependency for either compressive or tensile strain. Beginning at 
300°C a significant drift in electrical resistance and hence no reliable gauge factor values can be 
determined. This continuous increase in film resistance is mainly attributed to the diffusion of Ti in to the 
Pt layer. 
Therefore, it is concluded that the film thickness needs to be carefully selected even in this temperature 
range to at least minimize any titanium-related  diffusion effects on the gauge factor. Therefore the use of 
a different adhesion layer promising a lower diffusion affinity (e.g. TiN) is considered for application 
scenarios at higher temperatures. 
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